The aim of this study was to assess the clinical outcomes of conservative treatments for cervical ectopic pregnancy (CEP).
Background
In cervical ectopic pregnancy (CEP), the blastocyst implants and grows within the cervical canal. It is an extremely rare form of ectopic pregnancy, representing less than 1% of all ectopic gestations [1] . The etiology of CEP is unknown. Uterine curettage [2] , Asherman's syndrome, cesarean section, use of intrauterine device [3] , previous induced abortion, cervical surgery, myomectomy, and in vitro fertilization [4] are known risk factors.
In the past, CEP was usually diagnosed at an advanced stage in which profuse life-threatening hemorrhage occurred, often resulting in an emergency hysterectomy and loss of fertility. At present, the widespread use of transvaginal ultrasound has enabled the early diagnosis of CEP, thereby allowing the application of nonsurgical managements to preserve the uterus and maintain fertility [1, 5] . Various conservative modalities for CEP have been reported, including systemic or local administration of MTX alone or combined with additional dilatation and curettage [6] , Foley catheter tamponade [7] , placement of Shirodkar cerclage [8] , hysteroscopic resection [9] , and angiographic uterine artery embolization (UAE) [10, 11] . Because of limited evidence derived from large series of clinical cases, there is no consensus on the preferred treatment for CEP.
In this report, we reviewed 33 cases of CEP treated with systemic MTX injection, or angiographic UAE, or transcatheter intra-arterial MTX infusion combined with UAE, all followed by a dilatation and curettage. The purpose was to assess the feasibility, efficacy, and safety of different conservative treatment procedures.
Material and Methods
This retrospective case series study was carried out in Tianjin Central Hospital of Gynecology Obstetrics, from January 2009 to December 2016. The study was approved by the ethics committee of the hospital and we obtained informed consent of all patients. Data were collected through review of electronic medical records and telephone interviews.
In addition to a positive pregnancy test, CEP was diagnosed by transvaginal ultrasound according to the criteria described by Timor-Tritsch [12] , including: (1) presence of gestational sac or placental texture dominantly within the cervix; (2) absence of intrauterine pregnancy; (3) visualization of an endometrial stripe; (4) enlargement of the cervix. Pretreatment serum b-hCG level was detected by chemiluminescent immunoassay on the day of admission.
Systemic MTX therapy is a multi-dose protocol, including 1 mg/kg intramuscular MTX injection on days 1, 3, 5, and 7, alternated with calcium foliate for detoxication on days 2, 4, 6, and 8. When b-hCG level declined by 30% of pretreatment value and ultrasound showed low blood flow around the gestational sac or the mass, ultrasound-guided curettage was performed. Blood products, hysterectomy instrument, and UAE were made ready for emergency massive bleeding. According to our hospital protocol, systemic MTX treatment is only applicable to patients who have no life-threatening hemorrhage, no contraindications for systemic MTX administration, and no sonographic presentation of pregnancy rupture or fetal heart activity. Otherwise, patients were advised to undergo the UAE procedure.
From January 2009 to May 2012, we used the UAE procedure to treat CEP. The UAE procedure was carried out in a digital subtraction angiography unit. After percutaneous puncture of a single femoral artery with Seldinger technique, a 5-F or 6-F catheter was inserted into one side of the internal iliac artery. The uterine artery was selectively cannulated with a 2.0-F-tipped microcatheter, and uterine angiographic examination confirmed the position of the cervical pregnancy and feeding vessels. Then, 100 mg absorbable gelatin sponge (Alicon, Jinling Pharma Co Ltd., Jiangsu, China) were injected into the horizontal portion of the uterine artery to occlude the vessel. The procedure was repeated on the opposite side. After bilateral uterine arteries were embolized, transabdominal sonographyguided curettage was immediately performed by a qualified gynecologist (Figure 1 ).
Since June 2012, prior to UAE, 1 mg/kg body weight of MTX was infused into bilateral uterine arteries via the microcatheter as close as possible to the branches supplying the cervical pregnancy. Then, immediate curettage was performed.
Risks and benefits of these therapies were explained in detail to the patients. Informed consent was obtained from all patients. According to the initial treatment the patients received, they were divided into 3 groups: MTX group, UAE group, and UAE+MTX group. Serum b-hCG levels were determined on 1, 3, and 7 days in the first week and then weekly until levels fell back to normal range. Transvaginal ultrasound was used to monitor the cervical mass weekly until it completely disappeared. Data on hospital stay, recovery of menses, pregnancy, and outcome were collected through a review of medical records and telephone interviews.
Technical failure of the initial treatment was defined in case of complications, such as significant vaginal re-bleeding (blood loss ³200 mL), serum b-hCG level continuing to rise or decreasing by less than 50% one week after the treatment, or the cervical mass reappearing or becoming larger.
Data were analyzed using SPSS 18.0 software (SPSS, Chicago, IL). Fisher's exact test was used to analyze demographic and laboratory data, and median values were assessed with Kruskal-Wallis nonparametric analysis of variance and Mann-Whitney tests for statistical significance. P<0.05 was considered significant.
Results
A total of 33 patients were diagnosed with CEP and treated in our hospital. All complained of abnormal uterine bleeding. The average bleeding time was 10.5 days (2-23 days), and 3 cases suffered from heavy bleeding (more than 200ml). Thirteen patients experienced mild abdominal pain, and 32 women had risk factors for CEP, including previous cesarean section (11/32), artificial abortion (19/32), intrauterine device (4/32), myomectomy (1/32), uterine septum section (1/32), and in vitro fertilization (1/32). The average gestational age was 47.2 days (33-79 days). The average serum b-hCG level was 22 069 mIU/mL (1329-75 126 mIU/mL). All patients desired to obviate hysterectomy. Clinical characteristics of the patients are summarized in Table 1. For the original grouping, 9 patients requested systemic MTX treatment (MTX group), 11 patients received UAE therapy (UAE group), and 13 patients underwent UAE combined with transcatheter intra-arterial MTX infusion (UAE+MTX group). There was no significant difference in age, parity, and risk factors among the 3 groups. However, the gestational age of patients in the UAE group and UAE+MTX group was statistically greater compared with the Table 2 . Clinical outcomes of patients with CEP after treatment by systemic MTX, UAE, and UAE+intra-arterial MTX injection.
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In the MTX group, 4 patients received a second cycle of MTX therapy due to inconspicuous fall in b-hCG level and/or no significant decline in blood flow around the gestational sac or mass. During the curettage procedure, 2 patients had continuous vaginal bleeding, and both were successfully treated with UAE emergency therapy. One patient developed hepatotoxicity to MTX after one cycle of MTX treatment, and she was also successfully treated with UAE. The other 6 patients were fully cured without complications. Two cases in the UAE group had vaginal re-bleeding on postoperative days 17 and 26, respectively, and both presented a mass with blood flow in the cervical tube on ultrasound. A second UAE followed by immediate curettage was performed, and the bleeding quickly stopped. Pathological examination of the recurrent specimens found chorionic villi and trophoblastic tissues. In the UAE+MTX group, none of the patients experienced postoperative bleeding or other severe adverse events. The success rate of the MTX group, UAE group, and UAE+MTX group were 66.7% (6/9), 81.8% (9/11), and 100% (13/13), respectively.
The mean decline in b-hCG levels 3 days after therapy, calculated as a ratio of pretreatment b-hCG level minus posttreatment level divided by pretreatment level, were 62.6±11.5% for the UAE+MTX group and 57.7±12.8% for the MTX group, which were significantly greater than that of the UAE group (41.5±9.9%; UAE+MTX group vs. UAE group, P<0.001; MTX group vs. UAE group, P=0.003). There was no significant difference between the UAE+MTX group and MTX group (P=0.67) ( Tables 2, 3 ).
There was no significant difference in the median operation time between the UAE group and UAE+MTX group. Likewise, no statistically significant difference was found in operative blood loss. The average hospital stay of the MTX group was 12.5±6.2 days, longer than in the UAE group (8.3±1.4 days,
P=0
.042) and UAE+MTX group (7.2±1.5 days, P=0.005), but the difference between the UAE group and UAE+MTX group was not statistically significant (P=0.690).
The mean duration of follow-up after treatment was 48.5 months (7-89 months). The time for b-hCG normalization and regular menstrual cycle recovery was shorter in the UAE+MTX group compared with the MTX group and UAE group, but no statistically significant difference was found among the 3 groups. Likewise, no statistically significant difference was found in the time for complete regression of cervical mass.
Of the 9 patients in the MTX group, 4 had normal pregnancies and delivered full-term healthy babies 11-80 months after treatment. In the UAE group, 7 had a natural intrauterine pregnancy during months 19-86, and one patient had a spontaneous miscarriage in early pregnancy, while the other 6 delivered fullterm healthy babies. Of the 13 patients in the UAE+MTX group who were followed up for 7-43 months, 5 subsequently had normal pregnancies, and they all delivered full-term babies without any complications.
Discussion
Recent widespread use of transvaginal ultrasound for early diagnosis of CEP makes conservative treatment possible. Multiple options are reported. Because of limited clinical data, the most potent therapy remains uncertain. In our case series of 33 patients diagnosed with CEP, we found that the triple therapy of transcatheter intra-arterial MTX infusion combined UAE and curettage has not only a 100% success rate in treating CEP, but also has great advantages over systemic MTX and UAE therapy alone in reducing adverse effects and improving patient recovery. 
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During MTX treatment, the risk of massive bleeding remains; unpredictable rupture of the cervical mass or uncontrolled vaginal bleeding may occur at any moment, especially during the curettage procedure. Additional medical treatment must be provided to stop bleeding, such as cervical cerclage [13] , or using a Foley catheter balloon for compression. Besides, the reduction of serum b-hCG may take a long time. Its success rate varied among different studies with small cohorts [14, 15] . A meta-analysis reported that the failure rate of systemic MTX in cervical pregnancy is 13-43%, much higher than that in tubal ectopic pregnancy [16] . In our study, 2 cases had continuous vaginal bleeding during the curettage, and reviewing the clinical characteristics, they both had larger gestational sacs. Therefore, we advise use of systemic MTX therapy for low-risk patients who had low serum b-hCG levels, small gestational sac, and no signs of severe hemorrhage or fetal heart activity.
UAE, which was initially used as a nonsurgical treatment for fibroids, has demonstrated safety, efficacy, and low morbidity rates [17] . Using UAE to treat CEP was first reported in 1990 [18] . After that, it was widely accepted that UAE can control and prevent acute cervical bleeding. In the emergency of cervical pregnancy rupture, UAE can quickly localize the corresponding artery and embolize it immediately. Additionally, due to occlusion of supplying arteries, subsequent curettage becomes safer, with substantially reduced risk of excessive hemorrhage. However, some studies reported that UAE followed by immediate curettage was probably insufficient to remove the implanted gestational tissue completely. In Wang's study, a case with CEP had intermittent vaginal bleeding 23 days after the UAE and curettage treatment, and had to receive a second UAE procedure [19] . Xu reviewed 8 CEP patients who received UAE as primary treatment, and found 2 had vaginal bleeding at 25 and 65 days, respectively [20] . In our study, recurrent vaginal bleeding happened in 2 patients, at 17 and 26 days after the initial treatment. These results indicated that risk of late rebleeding might be a major concern for UAE therapy. Recently, magnetic resonance imaging (MRI) techniques have been used to visualize the proliferating chorionic villi implanting into the fibromuscular layer of the uterine cervix in CEP [21] . Ozawa observed a fine tract between the gestational sac and cervical canal using this technology [22] . Thus, if the gestational tissue is implanted deeply into the fibromuscular layer of cervix, complete elimination by curettage alone is almost impossible. When collateral circulation is established and uterine arteries are recanalized, the residual gestational tissue in the cervix may continue to grow. Therefore, patients undergoing UAE should closely monitor b-hCG levels and regularly review ultrasound, ruling out the possibility of pregnancy tissue recurrence.
Considering the limitations of UAE single therapy, a combination of these 2 methods may be an option. Mark first described the use of multi-dose MTX intramuscular injection in conjunction with UAE for treating CEP, and no patient had abnormal vaginal bleeding [23] . In addition, these patients had shorter hospital stays and b-hCG resolution times compared with those receiving UAE therapy alone. Gradually, in consideration of complications caused by MTX intramuscular injection, transcatheter intra-arterial MTX infusion combined with UAE has been developed. This process reduces the total MTX dose, thus lowering the overall rate of adverse effects.
Some potential factors could explain the superiority of the therapy. First, direct injection of MTX into the supplying artery for cervical pregnancy leads to a higher MTX concentration around the gestational sac. Second, embolism results in acute ischemic degeneration of the cervical gestational sac, and simultaneously further prevents MTX wash-out, and strengthens the embryocide effects of MTX. Third, embolization of the uterine artery greatly reduces the risk of massive bleeding during curettage and allows the gynecologist to eliminate as much as needed during the curettage. Hence, there are synergistic actions among transcatheter intra-arterial MTX infusion, UAE, and curettage.
The long-term impact of UAE on patient fertility and perinatal outcome has not yet been sufficiently determined. Some reports found that, in patients with uterine fibroids, UAE therapy was associated with lower pregnancy rates, higher miscarriage rates, and more adverse pregnancy outcomes than with myomectomy [24] . For cases with CEP, there are reports of viable pregnancies after embolotherapy [25] . Because of the small sample size and short follow-up period of our study, it is difficult to accurately assess the impact of UAE on future fertility. With the application of this technology and the extension of the follow-up period, we expect to have a better answer to this question.
Although treatment using UAE+MTX has a higher success rate, its economic cost is also high. For patients with no risk factors, including life-threatening hemorrhage, serum b-hCG level more than 10 000 IU/mL, large gestational sac, signs of sonographic presentation of pregnancy rupture, and a fetal heart activity, systemic MTX therapy alone may be effective enough. However, for patients with one or more risk factors, systemic MTX therapy may fail. For instance, 2 patients with large gestational sacs had continuous vaginal bleeding during curettage in the MTX group. Therefore, UAE+MTX treatment is first recommended when the patient has one or more risk factors mentioned above. Refining the criteria for these risk factors is a challenging problem.
